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@  Process  and  apparatus  for  direct  extrusion  of  thermal  barrier  profiles. 

  The  process  comprises  the  steps  of  providing  an  elongated 
structural  member  (10)  having  a  lineal  cavity  therein  with  an 
open  portion,  driving  the  elongated  member  past  a  filling  die 
(12)  while  simultaneously  guiding  the  elongated  member  (10) 
so  as  to  positively  locate  the  open  portion  of  the  lineal  cavity 
with  respect  to  the  filling  die  (12)  in  order  to  completely  close 
the  cavity  at  the  location  of the  filling  die,  continuously  extrud- 
ing  thermoplastic  along  the  cavity  through  a  fluid  flow  passage 
(38)  in  the  filling  die  (12),  and  removing  a  lineal  portion  of  the 
structural  member  (10)  opposite  to  the  open  portion  of  the 
lineal  cavity  to  form  the  thermal  barrier  profile.  The  process 
may  also  be  used  to  construct  a  composite  thermal  barrier  pro- 
file  by  providing  two  separate  elongated  structural  members 
having  portions  facing  and  spaced  from  each  other  to  form  a 
lineal  cavity  with  opposite  open  portions,  driving  the  elongated 
members  past  a  filling  die  (12)  while  simultaneously  guiding 
the  elongated  members  so  as  to  positively  locate  the  open  por- 
tions  of the  lineal  cavity  with  respect to  corresponding  portions 
of  the  filling  die  in  order  to  completely  close  the  cavity  at  the 
location  of the  filling  die  (12),  and  continuously  extruding  ther- 
moplastic  material  along  the  cavity  through  a  fluid  flow  pas- 
sage  (38)  in  the  filling  die. 



This   i n v e n t i o n   r e l a t e s   to  a  p r o c e s s   and  an  a p p a r a t u s  

fo r   d i r e c t   e x t r u s i o n   of  t h e r m a l   b a r r i e r   p r o f i l e s .  

M e t a l l i c   p r o f i l e s ,   t y p i c a l l y   a luminum,   a re   u s e d  

e x t e n s i v e l y   fo r   a r c h i t e c t u r a l   f r a m i n g   fo r   c u r t a i n   w a l l s ,  

d o o r s ,   w i n d o w s ,   e t c e t e r a .   To  r e d u c e   e n e r g y   l o s s e s   a n d  

' c o n d e n s a t i o n   p r o b l e m s ,   v i r t u a l l y   a l l   m e t a l l i c   p r o f i l e s ,  

r o l l   f o r m e d   or  e x t r u d e d ,   use  n o n m e t a l l i c   t h e r m a l   b a r r i e r s  

b e t w e e n   an  o u t e r   p r o f i l e   and  an  i n n e r   p r o f i l e .   T h i s  

b u s i n e s s ,   and  in  p a r t i c u l a r   t he   window  b u s i n e s s ,   i s  

l a r g e   in  volume  and  h i g h l y   c o m p e t i t i v e .   As  s u c h ,   a l t h o u g h  

t h e r e   a r e   many  t h e r m a l   b a r r i e r   p a t e n t s ,   v e r y   few  h i g h  

volume  p r o d u c t i o n   m e t h o d s   a r e   w i d e l y   u s e d .  

In  N o r t h   A m e r i c a ,   two  b a s i c   h i g h   volume  t h e r m a l  

b a r r i e r   p r o c e s s e s   a re   u s e d .   The  f i r s t   p r o c e s s   i n v o l v e s  

e x t r u s i o n   of  t h r e e   s e p a r a t e   p r o f i l e s ,   two  a luminum  a n d  

one  t h e r m o p l a s t i c   wh ich   i s   t y p i c a l l y   r i g i d   p o l y v i n y l  

c h l o r i d e   (PVC).  The  t h r e e   e x t r u s i o n s   are  fo rmed   w i t h  

a p p r o p r i a t e   r e c e s s e s   so  t h a t   t h e y   can  be  m e c h a n i c a l l y  

l i n k e d   t o g e t h e r   to  form  a  t h e r m a l   b a r r i e r   f rame  s e c t i o n .  

R e l a t i v e   m o t i o n   b e t w e e n   t h e   p r o f i l e s   is  p r e v e n t e d   f o r  

s t r u c t u r a l   p u r p o s e s ,   i f   d e s i r e d ,   u s u a l l y   by  r o l l  

c r i m p i n g   t he   a l u m i n u m   i n t o   t h e   p l a s t i c   b a r r i e r ,   a l t h o u g h  

b o n d i n g   and  o t h e r   s c h e m e s   can  a l s o   be  u s e d .  

The  s e c o n d   p r o c e s s   d e v e l o p e d   and  now  the   m o s t  

p r e d o m i n a n t l y   u s e d   one  f o r   h i g h   vo lume   is   the   p o u r e d  

t h e r m a l   b a r r i e r   p r o c e s s .   In  t h i s   me thod   t y p i c a l l y   o n e  



l a r g e   a l u m i n u m   e x t r u s i o n   i s   u s e d   t h a t   has  a  g e n e r a l l y  

U  s h a p e d   c a v i t y   in  t h e   m i d d l e   t h a t   is   f i l l e d   w i t h   a  

l i q u i d   p l a s t i c   m a t e r i a l ,   t y p i c a l l y   a  l i q u i d   t h e r m o s e t  

m a t e r i a l ,   mos t   commonly  p o l y u r e t h a n e   ( a l t h o u g h   m o l t e n  

f r e e   f l o w i n g   t h e r m o p l a s t i c .  m a t e r i a l s  s u c h   as  h o t   m e l t  

a d h e s i v e s   a r e   a l s o   d i s c l o s e d   in   U.S .   p a t e n t   no.  3 , 3 9 3 , 4 8 7 )  

A f t e r   t he   l i q u i d   p l a s t i c   m a t e r i a l   has   s o l i d i f i e d ,   u s u a l l y  

b o n d i n g   to  t h e   a l u m i n u m ,   the   a l u m i n u m   b o t t o m   of  the   U 

is   r e m o v e d ,   as  by  s a w i n g   ( d e b r i d g i n g ) ,   to  y i e l d   t h e  

d e s i r e d   s t r u c t u r a l   c o m p o s i t e   a l u m i n u m   t h e r m a l   b a r r i e r  

f r a m e .   T h i s   i s   t he   e s s e n c e   of  U .S .   p a t e n t   no.  3 , 2 0 4 , 3 2 4 .  

I t   i s   a l s o   p o s s i b l e   to  use  two  s e p a r a t e   a luminum  p r o f i l e s  

w i t h   t h e   p o u r e d   p r o c e s s   by  a p p r o p r i a t e   j i g g i n g   a n d  

s e a l i n g   t h e   c a v i t y   b o t t o m   to  e l i m i n a t e   t he   d e b r i d g i n g  

o p e r a t i o n ,   as  d e l i n e a t e d   in  U.S.   p a t e n t  n o s - .   3 , 3 9 3 , 4 8 7  

and  3 , 8 1 8 , 6 6 6 .   In  e i t h e r   c a s e ,   f e w e r   o p e r a t i o n s   a r e  

r e q u i r e d   to   p r o d u c e   t he   f i n i s h e d   t h e r m a l   b a r r i e r   p r o f i l e  

t h a n   in  t h e   f i r s t   p r o c e s s .  

In  a  v e r y   c o m p e t i t i v e   m a r k e t ,   t he   c h i e f   a d v a n t a g e  

of  t h e   f i r s t   p r o c e s s   is   t h a t   a  l o w e r   c o s t   t h e r m a l   b a r r i e r  

m a t e r i a l   can   be  u s e d .   T h e r m o p l a s t i c   p o l y v i n y l   c h l o r i d e   i s  

t y p i c a l l y   h a l f   t he   c o s t   of  t h e r m o s e t   p o l y u r e t h a n e ,   on  a  

vo lume   b a s i s .   The  m a j o r   a d v a n t a g e s   of  t he   s e c o n d   p r o c e s s  

a re   t h a t   f i r s t ,   m a t e r i a l   h a n d l i n g   and  work  in  p r o c e s s  

i n v e n t o r y   i s   r e d u c e d .   S e c o n d l y ,   as  t he   t h e r m a l   b a r r i e r  

bonds   to   t h e   a l u m i n u m   and ,   in  t h e   c a s e   of  a  s i n g l e  

e x t r u s i o n ,   as  t h e   a luminum  b r i d g e   p r e c i s e l y   s p a c e s   t h e  

u l t i m a t e l y   s e p a r a t e d   two  a luminum  s e c t i o n s ,   p r e c i s e   a n d  



r e p r o d u c i b l e   s t r u c t u r a l l y   s o u n d   t h e r m a l   b a r r i e r   c a v i t i e s  

a re   s i m p l y   p r o d u c e d .   An aim  of  the   p r e s e n t   i n v e n t i o n  

is   to  c o m b i n e   t h e   a d v a n t a g e o u s   p r o p e r t i e s   of  b o t h , -  

p r o c e s s e s ,   t h a t   i s   to  c o m b i n e   l o w e r   c o s t   t h e r m o p l a s t i c  

e x t r u s i o n   wi th .   t h e   m a t e r i a l   h a n d l i n g ,   e a s e   and  u n i f o r m  

q u a l i t y   of  t h e   p o u r e d   p r o c e s s .  

The  p r o c e s s   in   a c c o r d a n c e   w i t h   t he   p r e s e n t   i n v e n t i o n  

c o m p r i s e s   t h e   s t e p s   of  p r o v i d i n g   an  e l o n g a t e d   s t r u c t u r a l  

member  h a v i n g   a  l i n e a l   c a v i t y   t h e r e i n   w i t h   an  o p e n  

p o r t i o n ,   d r i v i n g   t h e   e l o n g a t e d   member  p a s t   a  f i l l i n g  

d ie   w h i l e   s i m u l t a n e o u s l y   g u i d i n g   t h e   e l o n g a t e d   m e m b e r  

so  as  to  p o s i t i v e l y   l o c a t e   t h e   open   p o r t i o n   of  t he   l i n e a l  

c a v i t y   w i t h   r e s p e c t   to  t h e   f i l l i n g   d i e   in   o r d e r   t o  

c o m p l e t e l y   c l o s e   t h e   c a v i t y   a t   t h e   l o c a t i o n   of  t he   f i l l i n g  

d i e ,   c o n t i n u o u s l y   e x t r u d i n g   t h e r m o p l a s t i c   a l o n g   t h e   c a v i t y  

t h r o u g h   a  f l u i d   f l o w   p a s s a g e   in  t h e   f i l l i n g   d i e ,   a n d  

r e m o v i n g   a  l i n e a l   p o r t i o n   of   the   s t r u c t u r a l   member  o p p o s i t e  

to   t he   open  p o r t i o n   of   t h e   l i n e a l   c a v i t y   to  form  t h e  

t h e r m a l   b a r r i e r   p r o f i l e .  

The  width  of  the  f i l l i n g   die  is  de s i r ab ly   only  s l i g h t l y   s m a l l e r  

t h a n   t h e   w i d t h   of   t h e   open   p o r t i o n   of   t h e   l i n e a l   c a v i t y  

to  p r e v e n t   b a c k   f l o w   of  t he   t h e r m o p l a s t i c   m a t e r i a l   b e t w e e n  

the   f i l l i n g   d i e   and  t h e   c a v i t y   w a l l .  

The  a p p a r a t u s   in   a c c o r d a n c e   w i t h   t he   p r e s e n t   i n v e n t i o n  

c o m p r i s e s   a  f i l l i n g   d i e   a d a p t e d   to   be  i n s e r t e d   in  t h e  

l i n e a l   c a v i t y   to  c l o s e   t h e   open  p o r t i o n   of  t he   c a v i t y ,  

means  f o r   d r i v i n g   t h e   e l o n g a t e d   member  p a s t   t he   f i l l i n g  

d i e ,   g u i d e   means   to   p o s i t i v e l y   l o c a t e   t h e   open  p o r t i o n  



of  t h e   l i n e a l   c a v i t y - w i t h   r e s p e c t  t o   t he   f i l l i n g   d i e ,  

means  f o r   f e e d i n g   t h e r m o p l a s t i c   m a t e r i a l   i n t o   t h e   c a v i t y  

t h r o u g h   a  f l u i d   f l o w   p a s s a g e   in   t he   f i l l i n g   d i e ,   and  m e a n s  

f o r   r e m o v i n g   a  l i n e a l   p o r t i o n   of  the   s t r u c t u r a l   m e m b e r  

o p p o s i t e   t h e   open   p o r t i o n   of  t he   l i n e a l   c a v i t y   t o   f o r m  

the   t h e r m a l   b a r r i e r   p r o f i l e .  

The  means   f o r   d r i v i n g   t he   e l o n g a t e d   member  may  be  a  

d r i v e n   t o o t h e d   w h e e l   e n g a g i n g   the   b o t t o m   of  t he   e l o n g a t e d  

s t r u c t u r a l   member  and  a  p i n c h   r o l l   e n g a g i n g   the   top   o f  

the   e l o n g a t e d   s t r u c t u r a l   member ,   or   v i c e   v e r s a .   T h e  

g u i d e   means   m a y . b e   a  p a i r   of  r o l l s   e n g a g i n g   o p p o s i t e - s i d e s  

of   t h e   s t r u c t u r a l   member ,   or  a  s e p a r a t e   whee l   e n g a g i n g  

t he   open   p o r t i o n   of   t he   l i n e a l   c a v i t y   and  h a v i n g   a  w i d t h  

s l i g h t l y   l e s s   t h a n   t he   w i d t h  o f   t h e  o p e n   p o r t i o n   of   t h e  

c a v i t y .  

The  means   f o r   d r i v i n g   t he   e l o n g a t e d   member  i s  

p r e f e r a b l y   a  d r i v e n   t o o t h e d   w h e e l   e n g a g i n g   the   i n t e r i o r  

b o t t o m   o f   t h e   l i n e a l   c a v i t y   t h r o u g h   t he   open  p o r t i o n  

of  t h e   l i n e a l   c a v i t y .   The  w i d t h   of  t he   t o o t h e d   w h e e l  

i s   s l i g h t l y   l e s s   t h a n   t h e   w i d t h   of   t he   open  p o r t i o n  

of  t h e   c a v i t y   to  g u i d e   and  l o c a t e   t h e   open  p o r t i o n   o f  

t he   c a v i t y   w i t h   r e s p e c t   to   t he   f i l l i n g   d i e .  

The  f i l l i n g   d i e   may  i n c l u d e   an  a d d i t i o n a l   d i e  

p o r t i o n   a h e a d   of   t he   f l u i d   f low  p a s s a g e   to  b l o c k   o f f  

the   l i n e a l   c a v i t y   f rom  f o r w a r d   f l u i d   f l o w .   The  f i l l i n g  

d i e   may  a l s o   i n c l u d e   a  s t r e a m l i n e d   p o r t i o n   to  d i r e c t   t h e  

f low  of   t h e r m o p l a s t i c   m a t e r i a l   in   t h e   same  d i r e c t i o n   a s  

t he   p r o f i l e .   The  f i l l i n g   d i e   may  f u r t h e r   i n c l u d e   a  



r a i s e d   back   f i n   to  f o r c e   t he   t h e r m o p l a s t i c  m a t e r i a l  i n t o  

the   c a v i t y .  

The  p r o c e s s   in  a c c o r d a n c e   w i t h   the  i n v e n t i o n   may 

a l s o   be  used   to  c o n s t r u c t   a  c o m p o s i t e   t h e r m a l   b a r r i e r  

p r o f i l e   by  p r o v i d i n g   two  s e p a r a t e   e l o n g a t e d   s t r u c t u r a l  

members  h a v i n g   p o r t i o n s   f a c i n g   and  s p a c e d   from  e a c h  

o t h e r   to  form  a  l i n e a l   c a v i t y   w i t h   o p p o s i t e   open  p o r t i o n s ,  

d r i v i n g   the   e l o n g a t e d   members   p a s t   a  f i l l i n g   d ie   w h i l e  

s i m u l t a n e o u s l y   g u i d i n g   the   e l o n g a t e d   members  so  as  t o  

p o s i t i v e l y   l o c a t e   the   open  p o r t i o n s   of  the   l i n e a l   c a v i t y  

w i t h   r e s p e c t   to  c o r r e s p o n d i n g   p o r t i o n s   of  the   f i l l i n g   d i e  

in  o r d e r   to  c o m p l e t e l y   c l o s e   t h e   c a v i t y   at  the   l o c a t i o n  

of  the   f i l l i n g   d i e ,   and  c o n t i n u o u s l y   e x t r u d i n g   t h e r m o -  

p l a s t i c   m a t e r i a l   a l o n g   the   c a v i t y  t h r o u g h   a  f l u i d   f l o w  

p a s s a g e   in  t h e   f i l l i n g   d i e .  

The  a p p a r a t u s   f o r   c o n s t r u c t i n g   a  c o m p o s i t e   t h e r m a l  

b a r r i e r   p r o f i l e   in  a c c o r d a n c e   w i t h   the   above   p r o c e s s  

c o m p r i s e s   a  f i l l i n g   d i e   a d a p t e d   to  be  i n s e r t e d   b e t w e e n  

the   two  s p a c e d   p o r t i o n s   of  t h e   s t r u c t u r a l   m e m b e r s  

and  h a v i n g   p o r t i o n s   a d a p t e d   to   c l o s e   t he   open  p o r t i o n s  

of  t he   l i n e a l   c a v i t y ,   means  f o r   d r i v i n g   the   e l o n g a t e d  

members   p a s t   t he   f i l l i n g   d i e ,   g u i d e   means  to  p o s i t i v e l y  

l o c a t e   t he   two  open  p o r t i o n s   of  t h e   c a v i t y   w i t h   r e s p e c t  

to  t h e   c o r r e s p o n d i n g   p o r t i o n s   of  t he   f i l l i n g   d i e ,   a n d  

means  f o r   f e e d i n g   t h e r m o p l a s t i c   m a t e r i a l   in  the   c a v i t y  

t h r o u g h   a  f l u i d   f low  p a s s a g e   i n   t h e   f i l l i n g   d i e .  

A  s e c o n d   p r o c e s s   f o r   c o n s t r u c t i n g   a  c o m p o s i t e  

t h e r m a l   b a r r i e r   c o m p r i s e s   c l a m p i n g   t he   two  p r o f i l e  



p o r t i o n s   of  t h e   s t r u c t u r a l   members   to  a  s o l i d   s p a c e r  

member  so  as  to  c r e a t e   an  e q u i v a l e n t   one  p i e c e   e l o n g a t e d  

s t r u c t u r a l   member  h a v i n g   a  l i n e a l   c a v i t y   w i t h   an  o p e n  

p o r t i o n ,   w h i c h   i s   t h e n   f i l l e d   by  t h e   above  f i r s t   d e s c r i b e d  

p r o c e s s .   The  s p a c e r   member   i s   t h e n   r emoved   and  no  d e -  

b r i d g i n g   i s   r e q u i r e d .  

The  i n v e n t i o n   w i l l   now  be  d i s c l o s e d ,   by  way  o f  

e x a m p l e ,   w i t h   r e f e r e n c e   to   t he   a c c o m p a n y i n g   d r a w i n g s  

in  w h i c h :  

F i g u r e   1  i s   a  s c h e m a t i c   d i a g r a m   of  an  a p p a r a t u s  

f o r   d i r e c t   e x t r u s i o n   f i l l i n g   of  a  t h e r m a l   b a r r i e r   p r o f i l e ;  

F i g u r e   2  i s   a  c r o s s   s e c t i o n   v iew  of  the   p r o f i l e  

as  i t   p a s s e s   t h r o u g h   t h e   f i l l i n g   d i e ;  

F i g u r e   3  i s   a  b o t t o m   p e r s p e c t i v e   v iew  of  t h e  

f i l l i n g   d i e ;  

F i g u r e s   4-8  show  f i l l i n g   d i e   a l t e r n a t i v e s ;  

F i g u r e s   9  and  10  show  a n o t h e r   f i l l i n g   d i e  

a l t e r n a t i v e   f o r   f i l l i n g   and  j o i n i n g   two  s e p a r a t e   t h e r m a l  

b a r r i e r   h a l f   e x t r u s i o n s   i n t o   a  c o m p o s i t e   t h e r m a l   b a r r i e r  

p r o f i l e   n o t   r e q u i r i n g   d e b r i d g i n g ;  

F i g u r e   11  shows  an  a l t e r n a t e   m e t h o d   fo r   f i l l i n g  

and  j o i n i n g   two  s e p a r a t e   t h e r m a l   b a r r i e r   h a l f  

e x t r u s i o n s ;  

F i g u r e s   12  and  13  show  means  f o r   p r e c i s e l y   l o c a t i n g  

and  d r i v i n g   a  p r o f i l e   p a s t   a  f i l l i n g   d i e ;  

F i g u r e s   14  and  15  show  a  dua l   m a t e r i a l ,   b o n d i n g /  

d i r e c t   e x t r u s i o n   f i l l i n g   d i e ;   a n d  

F i g u r e s   1 6 - 1 9   i l l u s t r a t e   p r o f i l e   m o d i f i c a t i o n s   t o  

p r e v e n t   r e l a t i v e   n o t i o n   b e t w e e n   t he   d i r e c t l y   e x t r u d e d  



t h e r m a l   b a r r i e r   p r o f i l e   c o m p o n e n t s .  

R e f e r r i n g   to  F i g u r e   1,  t h e r e   is  shown  a  s c h e m a t i c  

d i a g r a m   of  an  a p p a r a t u s   fo r   d r i v i n g   a  m e t a l l i c   p r o f i l e  

10  p a s t   a  f i l l i n g   d i e   12  w h i c h   is   fed   w i t h   m o l t e n  

t h e r m o p l a s t i c   m a t e r i a l   from  an  e x t r u d e r   ( n o t   s h o w n ) .  

As  i t   w i l l   be  d i s c l o s e d   in  more  d e t a i l   l a t e r   on,  t h e  

p r o f i l e   i s   d r i v e n   by  t o o t h e d   w h e e l s   14  wh ich   a r e   p i n c h e d  

i n t o   t he   b o t t o m   of  the   p r o f i l e   by  o p p o s e d   p r e l o a d e d  

p i n c h   r o l l s   16.  The  p r o f i l e   is   p r e c i s e l y   l o c a t e d   a n d  

g u i d e d   w i t h   r e s p e c t  t o   the   f i l l i n g   d i e   by  b o t t o m   r o l l s  

18  and  s i d e   r o l l s   2 0 .  

F i g u r e   2  i s   an  e n l a r g e d   c r o s s   s e c t i o n   view  o f  t h e  

p r o f i l e   10  as  i t   p a s s e s   t h r o u g h   the   f i l l i n g   d i e   1 2 .  

As  i t   i s   s e e n   more  c l e a r l y   in  t h i s   F i g u r e ,   the   p r o f i l e  

has  a  c e n t r a l   p o r t i o n   fo rmed   by  a  C  s h a p e d   c h a n n e l   22 

and  a  r e v e r s e d   C  s h a p e d   c h a n n e l   24.  The  two  c h a n n e l s   a r e  

u n i t e d   by  a  b r i d g i n g   p o r t i o n   26  on  one  s i d e   bu t   a r e  

s p a c e d   a t   t h e   o p p o s i t e   s i d e   so  as  to  form  a  l i n e a l  

c a v i t y   28  w i t h   an  open  p o r t i o n   30.  When  t he   open  p o r t i o n  

30  of  the   c a v i t y   i s   c l o s e d   by  the   f i l l i n g   d i e   12,  a  

t o t a l l y   e n c l o s e d   c r o s s - s e c t i o n   s i m i l a r   to  a  mould  i s  

fo rmed   a t   t he   l o c a t i o n   of  the   f i l l i n g   d i e - B y   u t i l i z i n g  

a  s t a t i o n a r y   f i l l i n g   d i e   and  a  moving   p r o f i l e ,   i t   i s  

p o s s i b l e   to  c o n t i n u o u s l y   f i l l   the   c a v i t y   w i t h   t h e r m o -  

p l a s t i c   m a t e r i a l s   w h i c h   a re   h i g h l y   v i s c o u s   when  m o l t e n .  

I t   w i l l   be  n o t e d   t h a t   t h e r m o p l a s t i c   m a t e r i a l s   do  n o t  

r e a d i l y   f low  bu t   r e q u i r e   c o n s i d e r a b l e   p r e s s u r e   t o  

f o r c e   them  to  t a k e   a  p a r t i c u l a r   s h a p e .   As  s h o w n  

s c h e m a t i c a l l y   in   F i g u r e   1,  the   f i l l e d   p r o f i l e   is   t h e n  



p a s s e d   t h r o u g h   a  c o o l i n g   s t a t i o n   where   i t   i s   s p r a y e d  

w i t h   a  s u i t a b l e   c o o l a n t   by  s p r a y   n o z z l e   32.  The  p r o f i l e  

i s   s u b s e q u e n t l y   f ed   by  a n o t h e r   s e t   of  t o o t h e d   w h e e l   1 4 /  

p i n c h   r o l l   16,  and  g u i d e d   by  a n o t h e r   s e t   of  b o t t o m  

r o l l s   1 8 / s i d e   r o l l s   20  to  a  d e b r i d g i n g   saw  34  w h i c h  

r emoves   t h e   b r i d g i n g   p o r t i o n   26  of  the   p r o f i l e   ( F i g u r e  

2)  so  as  to   form  t h e   t h e r m a l   b a r r i e r .   P i n c h   r o l l s   36 

a r e   l o c a t e d   above   t h e   saw  to  m a i n t a i n   p r e s s u r e   on  t h e  

p r o f i l e   d u r i n g   t h e   d e b r i d g i n g   o p e r a t i o n .   A l t h o u g h  

F i g u r e   1  s h o w s   o n - l i n e   d e b r i d g i n g   of  the   p r o f i l e ,   i t   i s  

to  be  u n d e r s t o o d   t h a t   t he   c a v i t y   f i l l i n g   and  d e b r i d g i n g  

o p e r a t i o n s   may  be  done  in   two  s e p a r a t e   s t e p s .  

T h i s   p r o c e s s   i s   p a r t i c u l a r l y   w e l l   s u i t e d   t o  

f i l l i n g  a   g e n e r a l l y   l i n e a l   c a v i t y   fo rmed   in  an  e x t r u d e d  

a l u m i n u m   window  p r o f i l e   w i t h   t h e r m o p l a s t i c   e x t r u s i o n   a n d  

m o u l d i n g   c o m p o u n d s   such   as  r i g i d   p o l y v i n y l   c h l o r i d e   (PVC) ,  

a c r y l o n i t r i l e   b u t a d i e n e   s t y r e n e   (ABS) ,  h igh   d e n s i t y  

p o l y e t h y l e n e   ( H . D . P . E . ) ,   p o l y p r o p y l e n e   ( P . P . ) ,   i m p a c t  

p o l y s t y r e n e   ( P . S . ) ,   p o l y e t h y l e n e   t e r e p h t h a l a t e   ( P E T ) ,  

e t c e t e r a ,   as  h o m o p o l y m e r ,   c o p o l y m e r   a l l o y s ,   a l l   as  f i l l e d  

or   u n f i l l e d ,   s o l i d   or  f o a m e d .   However ,   i t   is  to  b e  

u n d e r s t o o d   t h a t   i t   can  be  u s e d   to   f i l l   any  l i n e a l   c a v i t y  

f o r m e d .  i n   any  m a t e r i a l   s u c h   as  m e t a l ,   p l a s t i c   or  w o o d ,  

by  any  p r o c e s s   such   as  e x t r u s i o n ,   r o l l   f o r m i n g ,   s a w i n g ,  

e t c ,   w i t h   any  v i s c o u s   m a t e r i a l .  

F i g u r e   3  shows  an  e n l a r g e d   p a r t i a l   p e r s p e c t i v e  

b o t t o m   v i ew   of   t he   f i l l i n g   d i e   12  used   to  d i r e c t l y  

e x t r u s i o n   f i l l   a  t h e r m a l   b a r r i e r   c a v i t y   t h r o u g h   a  

f l u i d   f l o w   p a s s a g e   38  in  t h e   f i l l i n g   d i e .   The  p h y s i c a l  



p a r a m e t e r s   of  t h e   f i l l i n g   d i e   have   been   c a r e f u l l y   e x p l o r e d , .  

I t   was  found  t h a t   a  l ong   f i l l i n g   d i e   l e n g t h   L was  n q t  

u s e f u l ,   e x c e p t   in  the   ca se   of  foam  e x t r u s i o n .   A  d i e  

l e n g t h   in  the  r a n g e   of  1 .75   to  3"  was  f o u n d   to  b e  

a d e q u a t e .   Th i s   was  n o t   u n e x p e c t e d   s i n c e   p l a s t i c   and  m e t a l  

e x t r u s i o n   d i e s   a re   v e r y   s h o r t   in  l e n g t h .   The  w i d t h   of  t h e  

d i e   "w"  in  t he   t h e r m a l   b a r r i e r   c a v i t y   s l o t   w i d t h   "W"  w a s  

a l s o   s t u d i e d   c a r e f u l l y .   D e p e n d i n g   on  the   m e l t   c h a r a c t e r -  

i s t i c s   of  the   p l a s t i c   b e i n g   e x t r u d e d ,   i t   was  found  t h a t ,  

g e n e r a l l y ,   a t   c l e a r a n c e s   g r e a t e r   t h a n   0 .005   i nch   b a c k  

e x t r u s i o n   f low  b e t w e e n   t h e   f i l l i n g   d i e   and  c a v i t y   w a l l  

o c c u r e d ,   u s u a l l y   a l o n g   w i t h   i n c o m p l e t e   f i l l i n g   of  t h e  

t h e r m a l   b a r r i e r   c a v i t y .   In  t h e   c a s e   of  m a t e r i a l s   w i t h  

s i g n i f i c a n t   m o l t e n   s h a p e   memory,   a s  t y p i c a l   of  p o l y o l e f i n s ,  

t he   c l e a r a n c e s   had  to  be  much  l e s s ,   t y p i c a l l y   <0 .002   i n c h , '  

to  d e v e l o p   s u f f i c i e n t   p r e s s u r e   to  f o r c e   t he   p l a s t i c   to  t a k e  

the   c o m p l e t e   c a v i t y   s h a p e .   I t   was  b e e n   found   t h a t   e x t r u d e r  

p r e s s u r e   in   a  r a n g e   of  1 0 0 0 - 5 0 0 0   p s i   was  s u f f i c i e n t   f o r  

e x t r u d i n g   most   t h e r m o p l a s t i c s   a l t h o u g h   a  l a r g e   p a r t   o f  

t h a t   p r e s s u r e   was  u s e d   to  o v e r c o m e   r e s i s t a n c e   due  to  t h e  

t o r t u r o u s   f low  p a t h   of  t he   f i l l i n g   d i e .   The  s i z e   of  t h e  

f l u i d   f low  p a s s a g e   is   no t   c r i t i c a l   b u t   must   be  l a r g e  

enough   to  m i n i m i z e   e x t r u d e r   b a c k   p r e s s u r e .   The  p r o f i l e  

s p e e d   was  t y p i c a l l y   in   t he   r a n g e   of  25 -100   f p m .  

F i g u r e s   4  and  5  show  a  f i l l i n g   d i e   in  which   a n  

a d d i t i o n a l   d i e   p o r t i o n   12a  h a v i n g   t he   same  c r o s s - s e c t i o n  

as  t he   c a v i t y   i s   p r o v i d e d   a h e a d   of  t h e   f l u i d   f low  p a s s a g e  



3.8  to   b l o c k   o f f   t h e   t h e r m a l   b a r r i e r   c a v i t y   f rom  f o r w a r d  

f l u i d   f l o w   to  h e l p   in  d e v e l o p i n g   a d d i t i o n a l   f i l l i n g  

p r e s s u r e   i f   r e q u i r e d .  

F i g u r e s   6  and  7  show  a  f i l l i n g   d ie   a l t e r n a t i v e  

in  w h i c h   t h e   d i r e c t i o n   of  t h e   f l u i d   flow  p a s s a g e   3 8 a  i s  

c h a n g e d   in   t he   d i e   in   a  s t r e a m l i n e d   f a s h i o n   to  r e d u c e  

m o u l d e d - i n   s t r e s s e s   i n   t h e   c a v i t y .  

F i g u r e   8  shows  a  f i l l i n g   d i e   a l t e r n a t i v e   w h i c h  

i n c l u d e s   a  f i n   12b  to   i m p r o v e   f i l l i n g   of  t he   t h e r m a l  

b a r r i e r   c a v i t y   by  d e v e l o p i n g   r e s i s t a n c e   to  f l o w .   I n  

p r a c t i c e ,   t h e   added   f i n   p l o u g h s   the   v i s c o u s   f l u i d  

f o r c i n g   i t   i n t o   t he   c a v i t y   b e f o r e   s w e l l i n g   up  b e h i n d  

t h e   f i n .  

A l t h o u g h   the   d i s c l o s u r e   of  the   i n v e n t i o n   has   b e e n  

so  f a r   a s s o c i a t e d   w i t h   t h e   f i l l i n g   of   t h e r m o p l a s t i c  

m a t e r i a l   in   t he   l i n e a l   c a v i t y   of  a  s i n g l e   p i e c e   p r o f i l e  

wh ich   i s   l a t e r   d e b r i d g e d   to   form  a  t h e r m a l   b a r r i e r ,   i t  

may  a l s o   be  a p p l i e d   to  t h e   f i l l i n g   and  j o i n i n g   of  t w o  

s e p a r a t e   t h e r m a l   b a r r i e r   h a l f   e x t r u s i o n s   i n t o   a  

c o m p o s i t e   t h e r m a l   b a r r i e r   p r o f i l e   no t   r e q u i r i n g   d e b r i d g i n g .  

F i g u r e s   9  and  10  of  t he   d r a w i n g s   show  a  s i d e   and  an  e n d  

v i e w ,   r e s p e c t i v e l y   of  two  s e p a r a t e   p r o f i l e s   40  and  42 

h a v i n g  C   s h a p e d   p o r t i o n s   40a  and  42a  f a c i n g   e a c h   o t h e r  

a t   a  p r e d e t e r m i n e d   d i s t a n c e   and  f o r m i n g   a  c a v i t y   h a v i n g  

o p p o s i t e   open   p o r t i o n s .   Such  p r o f i l e s   may  be  d r i v e n   a n d  

g u i d e d   p a s t   a  f i l l i n g   d i e   in   a  manner   s i m i l a r   to   t he   s i n g l e  

p i e c e   p r o f i l e   e x c e p t   t h a t   i t   w i l l   r e q u i r e   two  p a r a l l e l  

s e t s   of   f e e d   w h e e l s   and  g u i d e   r o l l s .   F i g u r e s   9  and  10  o f  

the   d r a w i n g s   show  an  e m b o d i m e n t   of  a  f i l l i n g   d i e   w h i c h  



may  be  used   f o r   f i l l i n g   t he   two  p a r t i a l  c a v i t i e s   and  t h e  

s p a c e   b e t w e e n   t he   two  p r o f i l e s .   The  f i l l i n g   d i e   e x t e n d s  

a c r o s s   t he   f u l l   h e i g h t   of  the   p r o f i l e s   and  has  a  s l o t   a t  

the   e x i t   end  t h e r e o f   f o r m i n g   p o r t i o n s   12c  f o r   c l o s i n g   t h e  

open  p o r t i o n s   of  t h e   c a v i t y .   The  f l u i d   f low  p a s s a g e   38b  

is  d i r e c t e d   i n t o   t h e   s l o t .  

A  s e c o n d   m e t h o d   of  d i r e c t   e x t r u s i o n   f i l l i n g   of  a  

c o m p o s i t e   t h e r m a l   b a r r i e r   p r o f i l e   is  a l s o   p o s s i b l e .  

F i g u r e   11  of  t he   d r a w i n g s   i l l u s t r a t e s   a  s p a c e r   and  c l a m p i n g  

j i g   43  in  wh ich   two  s e p a r a t e   p o r f i l e s   40  and  42  a r e  

p r e c i s e l y   l o c a t e d   to  c l o s e   one  open  p o r t i o n   of  the   c a v i t y .  

F i l l i n g   d i e   12  c l o s e s  o f f   t he   o t h e r   open  p o r t i o n   of  t h e  

c a v i t y   so  t h a t   d i r e c t   e x t r u s i o n   f i l l i n g   can  t a k e   p l a c e .  

O b v i o u s   in   t h e   above   e x a m p l e s   is   t he   n e c e s s i t y   t o  

p r e c i s e l y   l o c a t e   t h e   f i l l i n g   d i e   w i t h   r e s p e c t   to  t h e  

s i n g l e   or  m u l t i p l e   p a r t i a l   c a v i t y   e l e m e n t s .   A l s o ,   b e c a u s e  

of  i n a c c u r a c i e s   in   t h e   p r o f i l e s ,   l i g h t   r u b b i n g   of  a t  

l e a s t   one  s i d e   of   t h e   t h e r m a l   b a r r i e r   c a v i t y   a g a i n s t  

the   f i l l i n g   d i e   i s   t y p i c a l .   As  s u c h ,   a  much  m o r e  

p o s i t i v e   d r i v e   i s   r e q u i r e d   t h a n   in  l i q u i d   p o l y m e r   p o u r i n g  

s i n c e   c o m p l e t e   f i l l i n g   on ly   o c c u r s   when  t he   v i s c o u s  

m a t e r i a l   f low  r a t e   p r e c i s e l y   m a t c h e s   t he   t h e r m a l   b a r r i e r  

c a v i t y   vo lume  f l o w   r a t e .  

D r i v i n g   the   p r o f i l e s   w i t h   e l a s t o m e r   c o v e r e d   r o l l s  

l o a d e d   a g a i n s t   t h e   p r o f i l e   s i d e   w a l l s   is   i n d u s t r i a l l y  

u sed   and  i s   d e s c r i b e d ,   fo r   e x a m p l e ,   in  U.S.   P a t e n t   n o .  

3 , 6 2 4 , 8 8 5 ,   f o r   p o u r i n g   l i q u i d   t h e r m a l   b a r r i e r .   T h i s  



m e t h o d   i s   n e i t h e r   s u f f i c i e n t l y   p r e c i s e  n o r   p o s i t i v e  

enough   f o r   t h e   d i r e c t   e x t r u s i o n   f i l l i n g   p r o c e s s .   F i g u r e  

12  i l l u s t r a t e s   t h e  n o v e l   m e t h o d   d e v e l o p e d   f o r   p r e c i s e l y  

l o c a t i n g   and  d r i v i n g   t h e   p r o f i l e s   p a s t   a  s t a t i o n a r y  

e x t r u s i o n   f i l l i n g   d i e .   P r e c i s e l y   a d j u s t a b l e   s i d e   g u i d e  

r o l l s   20,  p r e f e r a b l y   e l a s t o m e r   c o v e r e d   to  p r e v e n t   p r o f i l e  

m a r k i n g ,   p o s i t i v e l y   l o c a t e   t h e   t h e r m a l   b a r r i e r   c a v i t y  

w i t h   r e s p e c t   to   t h e   f i l l i n g   d i e   12.  A  s h a r p - t o o t h e d  

d r i v e   w h e e l   14  i s   p i n c h e d   i n t o   t h e   t h e r m a l   b a r r i e r   c a v i t y  

by  an  o p p o s e d  p r e l o a d e d   p i n c h   r o l l   16.  T h i s   p r o v i d e s  

p o s i t i v e   d r i v e   a l t h o u g h   t he   p r o f i l e   is   m a r k e d   by  t h e  

t o o t h e d   d r i v e   w h e e l .   T h i s   p o t e n t i a l   p r o b l e m   i s   e l i m i n a t e d  

by  d r i v i n g   t h e   one  p i e c e   t h e r m a l   b a r r i e r   c a v i t y   p r o f i l e  

on  the   c a v i t y   b r i d g e   26  w h i c h   i s   s u b s e q u e n t l y   r e m o v e d ,   a s  

by  s a w i n g ,   to   r e m o v e   any  d r i v e   m a r k i n g s .   Note  t h a t   t h e  

t o o t h e d   d r i v e   w h e e l / p i n c h   r o l l   p a i r   can  be  used   in  t h e  

o p p o s i t e   s e n s e   i l l u s t r a t e d ,   t h a t   i s   w i t h   t he   t o o t h e d  

d r i v e  w h e e l   d r i v i n g   t h e   i n t e r i o r   s i d e   of  t he   c a v i t y  

b r i d g e .   T h i s   i s   e s p e c i a l l y   b e n e f i c i a l   when  v e r y   h i g h  

d r i v i n g   f o r c e   i s   r e q u i r e d   as  t h e r e   is  no  b e n d i n g   m o m e n t  

a p p l i e d   t o   t h e   t h e r m a l   b a r r i e r   c a v i t y ,   as  can  be  r e a d i l y  

i m a g i n e d   in   F i g u r e   12,  by  the   n e c e s s a r y   h i g h e r   p i n c h i n g  

f o r c e .  

F i g u r e   13  i l l u s t r a t e s   a  p r o f i l e   d r i v e   m e t h o d  

s i m i l a r   to   t h a t   o f   F i g u r e   12  which   i n c l u d e s   a  m o s t  

s i m p l e   and  p r e c i s e   p r o f i l e   p o s i t i o n i n g   m e t h o d .   The  p i n c h  

r o l l   16  i s   l o c a t e d   u n d e r n e a t h   t he   p r o f i l e   and  the   t o o t h e d  

d r i v e   w h e e l   e n g a g e s   t he   i n t e r n a l   b o t t o m   of  t he   c a v i t y .  



T h i s   e l i m i n a t e s   t h e   r e q u i r e m e n t   f o r   r e m o v i n g   d r i v e  

m a r k i n g s .   In  a d d i t i o n ,   t h e   w i d t h   of   t h e   d r i v e   w h e e l  

i s   e s s e n t i a l l y   t h e   w i d t h   o f   t h e   t h e r m a l   b a r r i e r   c a v i t y  

s l o t   so  as  to  e l i m i n a t e   t h e   r e q u i r e m e n t   f o r   s i d e   g u i d e  

r o l l s   and  p r o v i d e   a  p r e c i s e   and   p o s i t i v e   d r i v e   m e t h o d  

w e l l   s u i t e d   to  t h e   d i r e c t   e x t r u s i o n   f i l l i n g   p r o c e s s .  

A l s o ,   s e p a r a t e   c a v i t y   w i d t h   w h e e l s   can   be  u s e d   f o r  

p r o f i l e   g u i d i n g   and  in   c o m b i n a t i o n   w i t h   v a r i o u s   d r i v e  

m e t h o d s .  

As  m e n t i o n e d   e a r l i e r   as  a  n o n l i m i t i n g   e x a m p l e ,  

t h i s   p r o c e s s   i s   p a r t i c u l a r l y   w e l l   s u i t e d   to  f i l l i n g  

p r o f i l e s   w i t h   e x t r u d e d   t h e r m o p l a s t i c s .   A  c h a r a c t e r i s t i c  

of   t h e r m o p l a s t i c s   t h a t   i s   u s e d   to  a d v a n t a g e   in   t h i s  

p r o c e s s   i s   t h a t   m o l t e n   t h e r m o p l a s t i c s   o n l y   n e e d   to   b e  

c o o l e d   to  s o l i d i f y .   Thus   h i g h   s p e e d ,   d i r e c t ,   i n - l i n e  

f i l l i n g   and  d e b r i d g i n g   i s   e a s i l y   a r r a n g e d   w h e r e a s   w i t h  

l i q u i d   t h e r m o s e t s   two  d i s t i n c t   o p e r a t i o n s ,   t h a t   i s  

p o u r i n g   and  d e b r i d g i n g ,   a r e   t h e   n o r m .   T h u s ,   t h e   d i r e c t l y  

e x t r u d e d   t h e r m a l   b a r r i e r   f r a m e   p r o d u c t i o n   p r o c e s s   n o t  

o n l y   u s e s   t h e r m a l   b a r r i e r   m a t e r i a l s   t y p i c a l l y   h a l f   t h e  

c o s t   of   s i m i l a r   t h e r m o s e t   m a t e r i a l s   b u t   a l s o   u s e s   h a l f  

t h e   m a n p o w e r   f o r   l o a d i n g   and   u n l o a d i n g   p r o f i l e s .   I n - l i n e  

p o u r i n g   and   d e b r i d g i n g   i s   a l s o   p o s s i b l e   w i t h   l i q u i d  

t h e r m o s e t s   by  u s i n g   r a p i d   c u r e   m a t e r i a l s .   H o w e v e r ,   r a p i d  

c u r e   u s u a l l y   e n t a i l s   a d d i t i o n a l   m a t e r i a l   e x p e n s e s   a s  

w e l l   as  a d d i t i o n a l   c a p i t a l   e x p e n s e   f o r   s p e c i a l   t w o  

c o m p o n e n t   m i x i n g   h e a d s   a n d / o r   i n - l i n e   s t o r a g e   c a r r o u s e l s  

to   g i v e   s u f f i c i e n t   s e t t i n g   and  p a r t i a l   c u r i n g   t i m e .  

P o u r e d   l i q u i d   t h e r m o s e t   m a t e r i a l s   b o n d   to  t h e   t h e r m a l  



b a r r i e r   c a v i t y   u n l e s s   p u r p o s e l y   d e c o u p l e d ,   as  p r a c t i s e d  

in  C a n a d i a n   P a t e n t   no.  1 , 0 3 4 , 7 7 8 .   T h i s   i s   g e n e r a l l y  

a d v a n t a g e o u s   f o r   s t r u c t u r a l   p u r p o s e s .   Howeve r ,   i t  

r e s u l t s   in  t h e   f o l l o w i n g   t h e r m a l   p r o b l e m s :   f i r s t ,  

as  t h e   c o e f f i c i e n t s   of  t h e r m a l   e x p a n s i o n   of  t he   p l a s t i c  

and  a l u m i n u m ,   s t e e l ,   e t c .   a r e   v e r y   much  d i f f e r e n t ,  

s e a s o n a l   e x t e r i o r   t e m p e r a t u r e   s w i n g s   v e r s u s   n e a r   c o n s t a n t  

i n t e r i o r   t e m p e r a t u r e   r e s u l t   in  h i g h   s t r e s s e s   t h a t   c a n  

d e l a m i n a t e   t h e   p i e c e s   a n d / o r   c a u s e   m o v i n g   p a r t   i n t e r -  

f e r e n c e   u n l e s s  l o w e r   s t r e n g t h ,   e l a s t o m e r   m a t e r i a l s ,   s u c h  

as  p o l y u r e t h a n e ,   a re   u s e d .   S e c o n d l y ,   b o n d i n g   r e s u l t s   i n  

a  d i r e c t   t h e r m a l   p a t h   t h r o u g h   t he   c o m p o s i t e   p r o f i l e ,  

t h a t   i s ,   t h e r e   i s   no  m i n u t e   a i r   gap  a t   t he   two  p l a s t i c   t o  

a l u m i n u m   i n t e r f a c e s   to  i n c r e a s e   t h e   t h e r m a l   r e s i s t a n c e .  

As  t h e   d i r e c t l y   e x t r u d e d   t h e r m a l   b a r r i e r   does  no t   b o n d  

to  t h e   t h e r m a l   b a r r i e r   c a v i t y   w a l l s ,   t h e   t h e r m a l   r e s i s t a n c e  

i s   m a x i m u m .  

B e c a u s e   t h e   d i r e c t l y   e x t r u d e d   t h e r m a l   b a r r i e r   d o e s  

no t   bond   t o   t h e   t h e r m a l   b a r r i e r   c a v i t y   w a l l ,   r e l a t i v e  

movement   of   t h e   t h e r m a l   b a r r i e r   and  a l u m i n u m   s e c t i o n  

o c c u r s   w i t h   low  a x i a l   s h e a r   l o a d s .   H o w e v e r ,   as  t h e  

t h e r m a l   b a r r i e r   i s   m o u l d e d   by  t h e   t h e r m a l   b a r r i e r   c a v i t y ,  

t h e   s h e a r   l o a d   c a p a b i l i t y   i s   h i g h l y   r e p r o d u c i b l e .   In  t h e  

c a s e   of   t h e   a s s e m b l e d   and  r o l l   c r i m p e d   t h e r m a l   b a r r i e r  

p r o c e s s ,   g e n e r a l l y   h i g h e r   s h e a r   l o a d   c a p a b i l i t y ,   t y p i c a l l y  

two  to   f i v e   t i m e s   as  h i g h ,   i s   a c h i e v e d   b u t   the   r e s u l t s  

a re   n o t   v e r y   r e p r o d u c i b l e .   Window  t e s t i n g   has  shown  t h a t  

t h e   r e a d i l y   a x i a l l y   s h i f t e d   c h a r a c t e r i s t i c   of  t h e   d i r e c t l y  

e x t r u d e d   t h e r m a l   b a r r i e r   i s   a d v a n t a g e o u s   in  t h a t   when  t h e  



l o a d   c a u s i n g   the   s h i f t ,   f o r   e x a m p l e   a  h igh   wind  l o a d ,   i s  

r e m o v e d   t h e r e   i s   much  l e s s   t e n d e n c y   to  p e r m a n e n t  

d e f o r m a t i o n   t h a n   w i t h   e i t h e r   the   p o u r e d / b o n d e d   or  a s s e m b l e d  

and  r o l l   c r i m p e d   t h e r m a l   b a r r i e r   p r o f i l e s .  

The  r e a d i l y   a x i a l l y   s h i f t e d   c h a r a c t e r i s t i c   of  t h e  

d i r e c t l y   e x t r u d e d   t h e r m a l   b a r r i e r   p r o c e s s   r e s u l t s   i n  

h i g h e r   p r o f i l e   d e f l e c t i o n   s i n c e   s h e a r   l o a d   i s   n o t  

a p p r e c i a b l y   t r a n s f e r r e d .   I f   t h i s   p o s e s   s t r u c t u r a l   p r o b l e m s ,  

s e v e r a l   m e t h o d s   of  c o m p e n s a t i o n   a re   p o s s i b l e .   The  s i m p l e s t  

m e t h o d   is   to  i n c r e a s e   t he   s e c t i o n   m o d u l u s   of  one  or  b o t h  

of  t h e   a luminum  p r o f i l e   p i e c e s .   Th i s   can  u s u a l l y   b e  

a c c o m p l i s h e d   w i t h o u t   i n c r e a s i n g   p r o f i l e   w e i g h t   by  r e -  

a r r a n g i n g   the   p r o f i l e   s h a p e ( s ) .  

A  s e c o n d   me thod   is   to  bond  t he   d i r e c t l y   e x t r u d e d  

t h e r m a l   b a r r i e r   to  the   t h e r m a l   b a r r i e r   c a v i t y .   Th is   i s  

a c c o m p l i s h e d   by  a p p l y i n g   t h e   a d h e s i v e   to  the  t h e r m a l  

b a r r i e r   c a v i t y   w a l l   p r i o r   to  d i r e c t   e x t r u s i o n   f i l l i n g .  

A d h e s i v e s   such  as  epoxy  and  p o l y u r e t h a n e   g i v e   e x c e l l e n t  

r e s u l t s   and  t h e y   can  be  f o r m u l a t e d   to  c o m p e n s a t e   f o r  

p o t e n t i a l   t h e r m a l   e x p a n s i o n   p r o b l e m s .   C e r t a i n   h o t   m e l t  

a d h e s i v e s   a l s o   p r o d u c e   u s e f u l   r e s u l t s   w h e r e a s  

c y a n o a c r y l a t e ,   a n e r o b i c ,   s i l i c o n e   and  c o n t a c t   cement   d i d  

no t   p r o d u c e   u s e f u l   r e s u l t s   u n d e r   t he   c o n d i t i o n s   t e s t e d .  

F i g u r e s   14  and  15  i l l u s t r a t e   a  d u a l   m a t e r i a l  

f i l l i n g   d i e   h a v i n g   a  f r o n t   p o r t i o n   12d  p r o v i d e d   w i t h   a  

f l u i d   f l ow  p a s s a g e   44  f o r   f e e d i n g   a d h e s i v e s   to  t he   w a l l s  

of  t he   c a v i t y   ahead   of  t he   t h e r m o p l a s t i c   m a t e r i a l   f l u i d  

f low  p a s s a g e   38.  However ,   s e p a r a t e   d i e s   c o u l d   be  u s e d .  

I t   c o u l d   a l s o   be  p o s s i b l e   to  use  a  s p e c i a l l y   f o r m u l a t e d  



p o l y m e r   e x t r u s i o n   compound  t h a t  w o u l d   a d h e r e   to  m e t a l ,  

such  as  t h e   P l e x a r   compounds   of  t he   C h e m p l e x   C o .  

A  t h i r d   m e t h o d   of  p r e v e n t i n g   r e l a t i v e   m o t i o n   b e t w e e n  

t h e   d i r e c t l y   e x t r u d e d   t h e r m a l   b a r r i e r   c o m p o s i t e   p r d f i l e  

c o m p o n e n t s   i s   to   m e c h a n i c a l l y   m o d i f y   t he   t h e r m a l   b a r r i e r  

c a v i t y ,   t h a t   i s   to  c o n v e r t   i t   f rom  a  b a s i c a l l y   t w o  

d i m e n s i o n a l   to  a  t h r e e   d i m e n s i o n a l   s h a p e .   Th i s   can  b e  

a c c o m p l i s h e d   by  p r o c e s s e s   such   as  m a c h i n i n g ,   p u n c h i n g ,  

d i s c o n t i n u o u s   c r i m p i n g ,   k n u r l i n g ,   e t c e t e r a .   M a c h i n i n g   i s  

no t   n e c e s s a r i l y   a t t r a c t i v e   as  m a t e r i a l   i s   cu t   and  m u s t  

be  r e m o v e d ,   and  c u t t i n g   t o o l s   need   s h a r p e n i n g   a n d  

r e p l a c e m e n t .   N e v e r t h e l e s s ,   F i g u r e s  1 6 ,   17  and  18   i l l u s -  

t r a t e   u s e f u l   p r o f i l e   m o d i f i c a t i o n s .   F i g u r e   16  s h o w s  

i n d e n t a t i o n s   45  done  to   t he   b o t t o m   a n d / o r   top  t h e r m a l  

b a r r i e r   c a v i t y   p r o j e c t i o n s   46  u s i n g   a  c u t t e r   48.  F i g u r e  

17  shows  h o l e s   50  d r i l l e d   in  t he   t o p   a n d / o r   b o t t o m   o f  

the   t h e r m a l   b a r r i e r   c a v i t y   w a l l .   T h i s   c o n c e p t   i s   m e n t i o n e d  

w i t h   r e s p e c t   to  l i q u i d   t h e r m o s e t s   in   U.S .   P a t e n t   n o .  

3 , 8 2 3 , 5 2 4 .   F i g u r e   18  shows  the   use  of   a  T - s l o t   c u t t e r  5 1  

to  a l t e r n a t e l y   cu t   i n d e n t a t i o n s   52  in  t he   top  and  b o t t o m  

c a v i t y   p r o j e c t i o n s   4 6 . T h i s   c o n c e p t   i s   s p e c i a l l y   a t t r a c t i v e  

s i n c e ,   once   f i l l e d   and  d e b r i d g e d ,   t h e   c o m p o s i t e   t h e r m a l  

b a r r i e r   p r o f i l e   l o o k s   s t a n d a r d ,   t h a t   i s   t h e r e   i s   n o  

p o t e n t i a l   c o s m e t i c   o b j e c t i o n s   as  t h e r e   wou ld   be  w i t h   t h e  

c o n c e p t s   of  F i g u r e s   16  and  1 7 .  

P u n c h i n g   of  h o l e s ,   n o t c h e s ,   e t c .   or  d i s c o n t i n u o u s  

c r i m p i n g   a l s o   can  r e s u l t   in  l o a d   t r a n s f e r   a c r o s s   t h e  

t h e r m a l   b a r r i e r .   A  p o t e n t i a l   d i s a d v a n t a g e   is   t h a t   b e c a u s e  

of  the   v a r i o u s   p r o f i l e   s h a p e s   e n c o u n t e r e d   in  p r a c t i c e ,  



i t   becomes   d i f f i c u l t   to  i m p o s s i b l e   to  c h a n g e   the   t h e r m a l  

b a r r i e r   c a v i t y   to  a  t h r e e   d i m e n s i o n a l   shape   w i t h o u t  

d e t r i m e n t a l l y   d i s t o r t i n g   the   a l u m i n u m   p r o f i l e .  

K n u r l i n g   can  be  a  p a r t i c u l a r l y   a t t r a c t i v e   m e t h o d  

of  m o d i f y i n g   the   t h e r m a l   b a r r i e r   a x i a l   u n i f o r m i t y   s i n c e  

l i t t l e   to  no  c u t t i n g s   a re   p r o d u c e d   and  s i n c e   t h e r e   is  n o  

c u t t i n g ,   t h e   k n u r l i n g   t o o l   l i f e   can  be  n e a r   i n f i n i t e .  

K n u r l i n g   of  t he   t h e r m a l   b a r r i e r   c a v i t y   top  is  no t   f e a s i b l e  

as  i t   w o u l d   d i s t o r t   the   l i g h t   d u t y   a l u m i n u m   p r o f i l e s .  

K n u r l i n g   of  t he   t h e r m a l   b a r r i e r   s i d e s  i s   no t   too  p r a c t i c a l  

b e c a u s e   of  t he   s m a l l   s p a c e s   e n c o u n t e r e d   and  b e c a u s e   t h e r e  

a re   two  s i d e s   to  do.  T e s t i n g   has   shown  t h a t   the   m o s t  

a p p r o p r i a t e   p l a c e   to  k n u r l   i s  t h e   t w o  b o t t o m   s e c t i o n s   t h a t  

p r o j e c t   i n t o   t he   t h e r m a l   b a r r i e r   c a v i t y   to  l o c k  

the   two  a luminum  p r o f i l e   h a l v e s . A   n a r r o w ,   l a r g e   d i a m e t e r ,  

a n g l e d   k n u r l i n g   w h e e l   can  r e a c h   and  k n u r l   each   such  s e c t i o n .  

T e s t s   have   shown  t h a t   s h e a r   l o a d s   as  h i g h   as  t h o s e   f o r  

the   c o n v e n t i o n a l   p o u r e d   u r e t h a n e   c o n s t r u c t i o n   can  b e  

a c c o m p l i s h e d   w i t h   t h i s   k n u r l i n g   t e c h n i q u e .  

B e c a u s e   of  t he   d i f f i c u l t y   in   k n u r l i n g   the   t h e r m a l  

b a r r i e r   b o t t o m   i n s i d e   p r o j e c t i o n s   w i t h   a n g l e d   w h e e l s ,  

a  n o v e l   t h e r m a l   b a r r i e r   c a v i t y   s h a p e   was  d e v e l o p e d  

such  as  shown  in  F i g u r e   19.  The  t h e r m a l   b a r r i e r   c a v i t y  

f i l l i n g   s l o t   w i d t h   "W"  is   w i d e r   t h a n   t h e   d e b r i d g i n g   s l o t  

"W"'so   t h a t   a  s i n g l e ,   u s u a l l y   l a r g e   d i a m e t e r ,   v e r t i c a l  

k n u r l i n g   whee l   can  r e a d i l y   k n u r l   t h e   two  b o t t o m   t h e r m a l  

b a r r i e r   p r o j e c t i o n s   54.  Th i s   t h e r m a l   b a r r i e r   c a v i t y   c a n  

be  used   w i t h   the   n o v e l   p r e c i s i o n   p o s i t i o n i n g   and  p o s i t i v e  

d r i v e   s y s t e m   of  F i g u r e   13  by  u s i n g   t h e   k n u r l i n g   whee l   a s  



t h e   t o o t h e d   d r i v e   w h e e l   to   p r o d u c e   a  s i m p l e   t h e r m a l  

b a r r i e r   m a n u f a c t u r i n g   s y s t e m   f o r  u n b o n d e d   or  l i g h t l y  

b o n d e d   t h e r m a l   b a r r i e r   p r o f i l e s   w i t h   h i g h   s h e a r   l o a d  

t r a n s f e r   c a p a b i l i t y .  

A l t h o u g h   t h e   i n v e n t i o n   h a s   been   d i s c l o s e d   w i t h  

r e f e r e n c e   t o   p r e f e r r e d   e m b o d i m e n t s ,   i t   i s   to  be  u n d e r s t o o d  

t h a t   i t   i s   n o t   l i m i t e d   to   s u c h   e m b o d i m e n t s   and  that  i t  
extends  to  a l l   the  novel  f ea tu res   d i sc losed   h e r e i n .  



1.  A  p r o c e s s   f o r   c o n s t r u c t i n g   a  t h e r m a l   b a r r i e r   p r o f i l e  

c o m p r i s i n g   t h e   s t e p s   o f  ;  

a)  p r o v i d i n g   an  e l o n g a t e d   s t r u c t u r a l   member  h a v i n g  

a  l i n e a l   c a v i t y   t h e r e i n  w i t h   an  open   p o r t i o n ;  

.  b)  d r i v i n g   t he   e l o n g a t e d   member  p a s t   a  f i l l i n g   d i e  

w h i l e   s i m u l t a n e o u s l y   g u i d i n g   t h e   e l o n g a t e d   member  so  a s  

to  p o s i t i v e l y   l o c a t e   t h e   open   p o r t i o n   of  t h e   l i n e a l  

c a v i t y   w i t h   r e s p e c t   to  t h e   f i l l i n g   d i e   in   o r d e r   t o  

c o m p l e t e l y   c l o s e   t he   c a v i t y   a t   t h e   l o c a t i o n   of  the   f i l l i n g  

d i e ;  

c)  c o n t i n u o u s l y   e x t r u d i n g   t h e r m o p l a s t i c   m a t e r i a l  

a l o n g   t h e   l i n e a l   c a v i t y   t h r o u g h   a  f l u i d   f low  p a s s a g e   i n  

s a i d   f i l l i n g   d i e ;   a n d  

d)  r e m o v i n g   a  l i n e a l   p o r t i o n   of  t h e   s t r u c t u r a l  

member  o p p o s i t e   to   t he   open   p o r t i o n  o f   the   l i n e a l  

c a v i t y   to   form  the   t h e r m a l   b a r r i e r   p r o f i l e .  

2.  A  p r o c e s s   as  d e f i n e d   i n   c l a i m   1,  w h e r e i n   t h e  

w i d t h   of   t h e   f i l l i n g   d i e   i s   o n l y   s l i g h t l y   s m a l l e r   t h a n  

the   w i d t h   of   t h e   open  p o r t i o n   of  t h e   l i n e a l   c a v i t y   t o  

p r e v e n t   b a c k   e x t r u s i o n .   f l o w   of  t h e   t h e r m o p l a s t i c   m a t e r i a l  

b e t w e e n   t h e   f i l l i n g  d i e   and  t h e   c a v i t y   w a l l .  

3.  A  process  as  defined  in  claim  1  or  2,  fu r ther   comprising 

the   s t e p   of   i m p a r t i n g   s t r u c t u r a l   m o d i f i c a t i o n s   to  t h e  

c a v i t y   of   t he   s t r u c t u r a l   member   to   i n c r e a s e   a x i a l   s h e a r  

l o a d   c a p a b i l i t y   of  t he   t h e r m a l   b a r r i e r   p r o f i l e .  

4..  A  p r o c e s s   as  a e f i n e d   in   c l a i m   3,  w h e r e i n   s a i d  

s t r u c t u r a l   member  i n c l u d e s   i n t e r n a l   p r o j e c t i o n s   a n d  

w h e r e i n   s a i d   m e t h o d   f o r   i m p a r t i n g   s t r u c t u r a l   m o d i f i c a t i o n s  



to   t h e   c a v i t y   i n c l u d e s   k n u r l i n g   of   s a i d   p r o j e c t i o n s .  

5.  An  a p p a r a t u s   f o r   c o n s t r u c t i n g   a  t h e r m a l   b a r r i e r  

p r o f i l e   f rom  an  e l o n g a t e d   s t r u c t u r a l   member  h a v i n g   a  

l i n e a l   c a v i t y   w i t h   an  open   p o r t i o n ,   c o m p r i s i n g :  

a)  a  f i l l i n g   d i e   a d a p t e d   to  be  i n s e r t e d   in  s a i d  

l i n e a l   c a v i t y ;  

b)  means   f o r   d r i v i n g   t h e   e l o n g a t e d   member  p a s t  

t he   f i l l i n g   d i e ;  

c)  g u i d e   means  to   p o s i t i v e l y   l o c a t e   t he   o p e n  

p o r t i o n   of   s a i d   l i n e a l   c a v i t y   w i t h   r e s p e c t   to  t h e  

f i l l i n g   d i e   so  as  to   c o m p l e t e l y   c l o s e   t he   c a v i t y   a t  

t h e   l o c a t i o n   of   t h e   f i l l i n g   d i e ;  

d)  means   f o r   f e e d i n g   t h e r m o p l a s t i c   m a t e r i a l   i n t o  

t h e   c a v i t y   t h r o u g h   a  f l u i d   f low  p a s s a g e   in   s a i d   f i l l i n g  

d i e ;   a n d  

e)  means   f o r   r e m o v i n g   a  l i n e a l   p o r t i o n   of  t h e  

s t r u c t u r a l   member  o p p o s i t e   t h e   open  p o r t i o n   of  t h e  

l i n e a l   c a v i t y   to   form  t h e   t h e r m a l   b a r r i e r   p r o f i l e .  

6.  An  a p p a r a t u s   as  d e f i n e d   in  c l a i m   5,  w h e r e i n   s a i d  

means  f o r   d r i v i n g   t h e   e l o n g a t e d   member   i s   a  d r i v e n  

t o o t h e d   whee l   e n g a g i n g   t h e   b o t t o m   of  the   e l o n g a t e d  

s t r u c t u r a l   member  and  a  p i n c h   r o l l   e n g a g i n g   the   top  o f  

t h e   e l o n g a t e d   s t r u c t u r a l   member ,   or  v i c e   v e r s a .  

7.  An  a p p a r a t u s   as  d e f i n e d   in   c l a i m   6,  w h e r e i n   s a i d  

g u i d e   means  i s   a  p a i r   of   r o l l s   e n g a g i n g   o p p o s i t e  

s i d e s   of  t he   s t r u c t u r a l   m e m b e r .  

8 .   A n  a p p a r a t u s   as  d e f i n e d   in   c l a i m   6,  w h e r e i n   s a i d  

g u i d e   means  i s   a  w h e e l   e n g a g i n g   the   open  p o r t i o n   of  t h e  

l i n e a l   c a v i t y   and  w h e r e i n   t he   w i d t h   of  the   whee l   i s  



s l i g h t l y   l e s s   t h a n   t h e - w i d t h   of  t h e   o p e n   p o r t i o n  

of  s a i d   c a v i t y .  

9.  An  a p p a r a t u s   as  d e f i n e d   in   c l a i m   5,  w h e r e i n  s a i d  

means   f o r   d r i v i n g   t h e   e l o n g a t e d   member   i s   a  d r i v e n  

t o o t h e d   w h e e l   e n g a g i n g   t h e   i n t e r i o r   b o t t o m   of  t he   l i n e a l  

c a v i t y   t h r o u g h   t h e   open  p o r t i o n   o f   t h e   l i n e a l   c a v i t y ,  

and  a  p i n c h   r o l l   e n g a g i n g   t h e   b o t t o m   of   t he   e l o n g a t e d  

s t r u c t u r a l   member ,   and  w h e r e i n   t h e   w i d t h   of  s a i d   t o o t h e d  

w h e e l   i s   s l i g h t l y   l e s s   t h a n   t h e   w i d t h   o f   t h e   o p e n  

p o r t i o n   of   s a i d . c a v i t y   to   g u i d e   and  l o c a t e   t h e   o p e n  

p o r t i o n   o f  t h e   c a v i t y   w i t h   r e s p e c t   to   t h e   f i l l i n g   d i e .  

1 0  .  A n   a p p a r a t u s   as  d e f i n e d   in  any  one  of  claims  5 -  9 ,  
wherein  said  f i l l i n g   die  includes  an  add i t i ona l   die  por t ion   ahead  o f  

t h e   f l u i d   f low  p a s s a g e   t o   b l o c k   o f f   t h e   l i n e a l   c a v i t y  

f rom  f o r w a r d   f l u i d   f l o w .  

A n   apparatus  as  defined  in  any  one  of  claims  5-10,  wherein  s a i d  

f i l l i n g   d i e   i n c l u d e s   a  s t r e a m l i n e d   p o r t i o n   to   o r i e n t   t h e  

t h e r m o p l a s t i c   f low  in  t h e   same  d i r e c t i o n   as  t h e   p r o f i l e .  

12.   An  apparatus  as  defined  in  any  one  of  claims  5-11,  wherein  s a i d  

f i l l i n g   d i e   i n c l u d e s   a  r a i s e d   b a c k   f i n   to   f o r c e   t h e  

t h e r m o p l a s t i c   m a t e r i a l   i n t o   t h e   c a v i t y .  

13.   An  apparatus  as  defined  in  any  one  of  claims  5-12,  wherein  s a i d  

f i l l i n g   d i e   f u r t h e r   c o m p r i s e s   an  a d d i t i o n a l   f l u i d   f l o w  

p a s s a g e   f o r   a p p l y i n g   an  a d h e s i v e   to   t h e   c a v i t y   w a l l  

p r i o r   t o   e x t r u s i o n   of  t h e   t h e r m o p l a s t i c   m a t e r i a l .  

14.   A  p r o c e s s   f o r   c o n s t r u c t i n g   a  c o m p o s i t e   t h e r m a l  

b a r r i e r   p r o f i l e   c o m p r i s i n g   t h e   s t e p s   o f :  

a)  p r o v i d i n g   two  s e p a r a t e   e l o n g a t e d   s t r u c t u r a l  

m e m b e r s   h a v i n g   p o r t i o n s   f a c i n g   and  s p a c e d   f r o m   e a c h  



o t h e r   to  form  a  l i n e a l   c a v i t y   w i t h   o p p o s i t e   o p e n  

p o r t i o n s  

b)  d r i v i n g   t h e   e l o n g a t e d   members   p a s t   a  f i l l i n g  

d ie   w h i l e   s i m u l t a n e o u s l y   g u i d i n g   t h e   e l o n g a t e d   m e m b e r s  

so  as  to   p o s i t i v e l y   l o c a t e   t h e   open  p o r t i o n s   of  t h e  

l i n e a l   c a v i t y   w i t h   r e s p e c t   to  c o r r e s p o n d i n g   p o r t i o n s   o f  

the   f i l l i n g   d i e   in   o r d e r   to  c o m p l e t e l y   c l o s e   the   c a v i t y  

a t   the   l o c a t i o n   of  t h e   f i l l i n g   d i e ;   a n d  

c )   c o n t i n u o u s l y   e x t r u d i n g   t h e r m o p l a s t i c   m a t e r i a l  

a l o n g   s a i d   c a v i t y   t h r o u g h   a  f l u i d   f l ow  p a s s a g e   in  t h e  

f i l l i n g   d i e .  

1 5 . .   A  p r o c e s s   f o r   c o n s t r u c t i n g   a  c o m p o s i t e   t h e r m a l   b a r r i e r  

p r o f i l e   c o m p r i s i n g   t h e   s t e p s   o f :  

a)  p r o v i d i n g   two  s e p a r a t e   e l o n g a t e d   s t r u c t u r a l  

members   h a v i n g   p o r t i o n s   f a c i n g   and  s p a c e d   f rom  e a c h  

o t h e r   to  form  a  l i n e a l   c a v i t y   w i t h   o p p o s i t e   open  p o r t i o n s ;  

b)  c l a m p i n g   the   two  s e p a r a t e   e l o n g a t e d   s t r u c t u r a l  

members   to   a  s o l i d   s p a c e d   member  c l o s i n g   one  open  p o r t i o n  

of  t h e   c a v i t y ;  

c)  d r i v i n g   t h e   e l o n g a t e d   members   p a s s   a  f i l l i n g  

d i e   w h i l e   s i m u l t a n e o u s l y   g u i d i n g   the   e l o n g a t e d   m e m b e r s  

so  as  to   p r e c i s e l y   l o c a t e   t he   o t h e r   open  p o r t i o n   o f  

t h e   l i n e a l   c a v i t y   w i t h   r e s p e c t   to  t he   f i l l i n g   d ie   i n  

o r d e r   to   c o m p l e t e l y   c l o s e   t h e   c a v i t y   a t   t he   l o c a t i o n   o f  

t h e   f i l l i n g   d i e ;   a n d  

d)  c o n t i n u o u s l y   e x t r u d i n g   t h e r m o p l a s t i c   m a t e r i a l  

a l o n g   t h e   c a v i t y   t h r o u g h   a  f l u i d   f low  p a s s a g e   in  t h e  

f i l l i n g   d i e .  



16.  A  p r o c e s s  a s   d e f i n e d   i n   c l a i m   14  or  15,  w h e r e i n  

w i d t h   of  t h e   f i l l i n g , d i e   i s   o n l y   s l i g h t l y   s m a l l e r   t h a n  

the   w i d t h   of  t h e   open  p o r t i o n s   of  t h e   l i n e a l   c a v i t y  

to  p r e v e n t   b a c k   e x t r u s i o n   f l o w   of  t h e   t h e r m o p l a s t i c  

m a t e r i a l   b e t w e e n   t he   f i l l i n g   d i e   and  t he   c a v i t y   w a l l .  

17..  An  a p p a r a t u s   f o r   c o n s t r u c t i n g   a  t h e r m a l   b a r r i e r  

p r o f i l e   f rom  two  s e p a r a t e   e l o n g a t e d   s t r u c t u r a l   m e m b e r s  

h a v i n g   p o r t i o n s   f a c i n g   and  s p a c e d   f rom  each   o t h e r   t o  

form  a  c a v i t y   h a v i n g   o p p o s i t e   open   p o r t i o n s ,   c o m p r i s i n g :  

a)  a  f i l l i n g   d i e   a d a p t e d   to   be  i n s e r t e d   b e t w e e n  

the   two  s p a c e d   p o r t i o n s   of  t h e   s t r u c t u r a l   members   a n d  

h a v i n g   p o r t i o n s   a d a p t e d   to  c l o s e   t h e   open   p o r t i o n s   o f  

the   l i n e a l   c a v i t y ;  

b)  means   f o r   d r i v i n g   t h e   e l o n g a t e d   members   p a s t   s a i d  

f i l l i n g   d i e ;  

c)  g u i d e   means   to  p o s i t i v e l y   l o c a t e   t h e   two  o p e n  

p o r t i o n s   of   s a i d   c a v i t y   w i t h   r e s p e c t   to  t h e   c o r r e s p o n d i n g  

p o r t i o n s   of   t h e   f i l l i n g   d i e   so  as  to  c o m p l e t e l y   c l o s e  

the   c a v i t y   a t   t h e   l o c a t i o n   of   t h e   f i l l i n g   d i e ;   a n d  

d)  means   f o r   f e e d i n g   t h e r m o p l a s t i c   m a t e r i a l   a l o n g  

the   c a v i t y   t h r o u g h   a  f l u i d   f l o w   p a s s a g e   in  s a i d  

f i l l i n g   d i e .  

18.  An  a p p a r a t u s   as  d e f i n e d   i n   c l a i m   17,  w h e r e i n   s a i d  

means  for  d r iv ing   the  elongated  s t r u c t u r a l   members  is  a  d r i v e n  

t o o t h e d   w h e e l   e n g a g i n g   t h e   b o t t o m   of  t h e   e l o n g a t e d  

s t r u c t u r a l   m e m b e r s   and  a  p i n c h   r o l l   e n g a g i n g   t he   t op   o f  

t he   e l o n g a t e d   s t r u c t u r a l   m e m b e r s ,   o r   v i c e   v e r s a ,   a n d  

w h e r e i n   s a i d   g u i d e   means  i s   a  p a i r   of   r o l l s   e n g a g i n g  

o p p o s i t e   s i d e s   of   t he   s t r u c t u r a l   m e m b e r s .  



19.  An  apparatus  as  defined  in  claim  17  or  18,  wherein  s a i d  

f i l l i n g   d i e   i n c l u d e s   a  s i d e   s l o t   a t   t h e   e x i t   end  t h e r e o f  

f o r m i n g   s a i d   p o r t i o n s   a d a p t e d   to   c l o s e   t h e   c a v i t y   a n d  

w h e r e i n   s a i d   f l u i d   f l o w   p a s s a g e   l e a d s   i n t o   s a i d   s l o t .  
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